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Determination of Original Nondegraded and Fully
Degraded Magnetic Properties of Material
Subjected to Mechanical Cutting
Madeleine Bali, Herbert De Gersem, and Annette Muetze, Fellow, IEEE
Abstract—The cutting process has a substantial influence on
the ferromagnetic material properties of electrical steel sheets. In
this paper, the properties of the degraded and nondegraded zones
result from data obtained by two Epstein frame measurements
using sample strips of two different widths. The magnetic char-
acteristics of the degraded and nondegraded material are inserted
into a finite-element model, which accounts for arbitrary geome-
tries. The simulation results for the influence of degradation on
a stator lamination stack are verified by measurements at three
different frequencies and two different materials.
Index Terms—Cutting, electrical steel sheets, ferromagnetic
material, finite-element method (FEM), magnetostatics, manufac-
turing, material degradation, punching.
I. INTRODUCTION
C OMMONLY, the electromagnetic characteristics of thelaminated steel used in electric machines are imple-
mented in finite-element (FE) simulations by magnetization
and loss curves obtained from Epstein frame measurements [1]
and/or provided by manufacturers. These data typically differ
from those of the finished machine [2] as the degrading influ-
ence of the manufacturing processes is not taken into account.
These differences are considered, e.g., by correction factors,
which generally do not include the variabilities between differ-
ent materials, machine designs (stator and rotor cross-sectional
areas), and manufacturing techniques. This paper focuses on the
degrading effects of mechanical cutting (guillotine cutting and
punching). It presents a fast method to consider the influence of
material degradation in FE computation of different geometries
with the material properties obtained from Epstein frame mea-
surements. Indeed, the Epstein frame measurement technique
provides a simple and straightforward way to quantify the input
parameters necessary for this modeling. Thereby, it only draws
from existing, established techniques. The consideration of the
Manuscript received July 13, 2015; revised October 20, 2015; accepted
November 16, 2015. Date of publication February 19, 2016; date of current
version May 18, 2016. Paper 2015-EMC-0667.R1, presented at the 2015 IEEE
International Electric Machines and Drives Conference, Coeur d’Alene, ID,
USA, May 10–13, and approved for publication in the IEEE TRANSACTIONS
ON INDUSTRY APPLICATIONS by the Electric Machines Committee of the
IEEE Industry Applications Society.
M. Bali and A. Muetze are with the Electric Drives and Machines
Institute, Graz University of Technology, A-8010 Graz, Austria (e-mail:
madeleine.bali@tugraz.at; muetze@tugraz.at).
H. De Gersem is with the Institut für Theorie Elektromagnetischer Felder,
Technische Universität Darmstadt, D-64289 Darmstadt, Germany (e-mail:
degersem@temf.tu-darmstadt.de).
Color versions of one or more of the figures in this paper are available online
at http://ieeexplore.ieee.org.
Digital Object Identifier 10.1109/TIA.2016.2532288
material degradation in the FE method (FEM) model does not
increase the computational time to a noteworthy extent. A fur-
ther advantage of this method is that it eliminates the need of
exactly knowing the deterioration depth d due to cutting (still no
agreement in the literature). Consequently, the identified mag-
netization properties of the degraded and nondegraded material
zones do not claim to be an exact image of the reality (to com-
ply with this, the exact value of d would be required), but it
claims to illustrate the loss behavior of arbitrary geometries
well, where both zones are considered.
In the first part of this paper, the method to identify the mag-
netization and loss curves of the degraded and nondegraded
material zones from Epstein frame measurements is explained.
In the second part, these material characteristics are applied to
other material geometries, in particular stator lamination stacks.
Furthermore, the specific loss densities obtained with the pro-
posed modeling approach are compared to those computed
from the datasheet values provided by the manufacturer.
II. EPSTEIN FRAME MEASUREMENT SETUP
The Epstein frame measurements are carried out according
to IEC 60404-2 [1] for frequencies of up to 400 Hz and IEC
60404-10 [3] for frequencies above 400 Hz. The measurement
setup consists of an Epstein frame, a power amplifier (PAS
5000, Spitzenberger + Spiess), and a wideband power analyzer
(Norma D6100, LEM Norma GmbH). To ensure that the form
factor of the secondary voltage is not larger than 1.111%± 1%
(requirement according to [1]), two sense lines are added that
connect the control of the power amplifier and the secondary
winding of the Epstein frame.
The measurements are carried out on 16 strips of 30 mm
“wide samples” (four strips per coil) and 64 strips of 7.5 mm
“small samples” (16 strips per coil; see Figs. 1 and 2). For each
frequency analyzed, individual measurements have been carried
out separately. According to IEC 60404-2, the longitudinally
and the transversely cut specimens are placed into two opposite
coils of the frame, respectively. Before the readings are taken,
the samples are demagnetized by an alternating magnetic field
(with the amplitude depending on the magnetization level of the
previous measurement) with decreasing amplitude.
All samples of one material originate from the same mother
coil (MC), since material deviations from MC to MC may
be larger than the influence of the manufacturing process [4].
Two different materials that are commonly used in electrical
machines are investigated (M400-50A, M800-65A).
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Fig. 1. Arrangement of “wide samples” in the Epstein frame.
Fig. 2. Arrangement of “small samples” in the Epstein frame.
III. INVESTIGATED SAMPLES AND ASSUMPTIONS MADE
The BH and specific loss curves of two samples with the
same length y and thickness wz , but with different widths (in
our case w1= 30mm and w2 = 7.5mm; y  wi) are deter-
mined by Epstein frame measurements. It is assumed that the
mechanical cutting introduces equal degradation profiles at both
sides. Motivated from the results in the literature, it is fur-
ther assumed that the degradation zone is homogeneous and
has a specified depth d [5]. Published results on the deterio-
ration depth on the electrical steel sheets due to cutting vary.
Some authors reference a depth of up to 10mm [6], but most
authors mention a depth below 5mm [5], [7], [8]. These dif-
ferences may be attributed to different measurement methods,
but may also be due to different assumptions of the degradation
depth (e.g., sheared zone ∼= magnetically deteriorated zone or
sheared zone < magnetically deteriorated zone; note that also
the unsheared area may be affected by the mechanical cutting
process). Furthermore, the specific deterioration depth d may
also be influenced by the material itself (e.g., grain size, sili-
con content, and material thickness) as well as by the quality of
the cutting technique (knife quality, clearance, etc., [30]). For
the illustration of the modeling approach, a nondegraded area
in the middle of the sheet and a homogeneously degraded zone
with a deterioration depth of 2.1mm, constant for all samples,
from the cut edge is assumed. [Note that also other values of d
can be set. While this would result in different magnetic char-
acteristics determined for the nondegraded and degraded zones,
Fig. 3. Identification of the nondegraded and degraded BH curves from the
BH curves of small and wide samples.
the overall magnetic behavior of another geometry (e.g., stator
lamination stacks) can still be determined with a satisfactory
degree of accuracy, as the results presented in Section VI show.
Thereby, the proposed method bypasses the need of exactly
knowing d for each material.] The degrading of the zones at
the short sides of the Epstein samples is considered negligible
because d  y . The fractions of degraded material in samples
1 and 2 are denoted by γ1 and γ2, respectively.
IV. IDENTIFICATION OF NONDEGRADED AND FULLY
DEGRADED BH CHARACTERISTICS
A. Basic Identification Procedure
The basic idea of the identification procedure is as fol-
lows (Fig. 3). From the measured data of two samples with
identical material and cutting technique, but different widths,
denoted by (H,B1) and (H,B2), data points (H,Bnd), and
(H,Bdg), where B1, B2, Bnd, and Bdg all correspond to the
same magnetic field strength H , are calculated from
[
1− γ1 γ1
1− γ2 γ2
] [
Bnd
Bdg
]
=
[
B1
B2
]
. (1)
The indexes 1 and 2 of the magnetic flux density indicate
the measured values of the two samples with different widths,
as described in Section III. Equation (1) expresses the par-
allel connection of the flux paths through the nondegraded
(nd) and degraded (dg) zones. Although obviously simple,
this procedure needs a few generalizations to be applicable in
practice.
B. Interpolation and Sampling
The measurement series (H1, B1) and (H2, B2), originally
measured pairs, are obtained independently. In practice, match-
ing values for H1 and H2 are difficult to obtain. As a conse-
quence, the measured BH curves have to be sampled, i.e., a
distribution of sample points Hsample = H has to be selected.
Moreover, the measured BH characteristics need to be interpo-
lated between the sampling points. It turns out that the results of
the identification procedure are quite sensitive to these choices.
One possibility consists of fitting a prescribed function, e.g., the
Brauer curve [9], the Bertotti curve [10], or the Langevin curve
[11], to the measurement data. The parameters of the curves are
found by regression. This approach may fail to represent the
measurement data with sufficient accuracy. Another possibility
consists of representing the BH characteristics by piecewise
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polynomials. These attain a higher degree of precision for arbi-
trary BH curves, but may violate physical properties, e.g.,
monotonicity, unless these properties are explicitly enforced. A
common practice is the use of splines, which lead to smooth
curves but may cause unphysical oscillations, and piecewise
splines, which sacrifice smoothness but suppress oscillations.
In the work presented below, cubic splines have shown to be the
most suitable choice for respecting all BH characteristics in the
model. The sampling points for the magnetic field strength are
taken from the measurements of the first sample.
C. Rayleigh Region
The measurements for small fields may lack accuracy. As a
consequence, the Rayleigh effect is only marginally represented
in the measurement curves. Under these circumstances, (1) may
lead to invalid results, e.g., Bdg may become negative. Several
remedies are possible as follows.
1) A drastic remedy consists of discarding the Rayleigh
effects in the original measured BH characteristics, i.e.,
the true characteristic is replaced by a characteristic B =
μkneeH , H < Hknee, where (Hknee, Bknee) is the mea-
sured point with the highest chord permeability μknee =
Bknee/Hknee.
2) A less drastic remedy is to fit the model
B = αH2 + βH for 0 ≤ H < Hray (2)
B = −αH2ray + (β − 2αHray)H
for Hray ≤ H < Hknee (3)
according to the parameters Hray, α, and β. In both
cases, the measured and interpolated BH characteristics
are checked for possible areas, where B1(H) becomes
smaller than B2(H), a situation which is fully attributed
to measurement inaccuracies.
Even when the (H1, B1) and (H2, B2) curves are “cleaned”
to correctly represent the Rayleigh region, this quality is not
carried over by the identification procedure represented by (1)
to the (H,Bnd) and (H,Bdg) curves. There, the clean-up pro-
cedure should be repeated. In fact, it makes more sense to align
the Rayleigh region for the (H,Bnd) and (H,Bdg) curves,
because these are assumed to correspond to individual mate-
rials, whereas the (H,B1) and (H,B2) curves are particularly
averaged material properties.
For the considered materials, the Rayleigh region is small
(only for magnetic flux densities below 0.2T and almost invis-
ible in the figures). Nevertheless, a consistent representation of
this region is of paramount importance to make sure that the
Newton method embedded in the FE solver converges properly.
D. Full-Saturation Region
It is necessary to clearly define the extrapolation of the BH
characteristics for large fields.
1) Extrapolating from the last measurement point with a
differential permeability μ0 is based on physical under-
standing, but may introduce a discontinuity in the differ-
ential permeability, which may hamper the convergence
of the Newton method applied later on. As long as the
(H1, B1) curve lies above the (H2, B2) curve, this pro-
cedure guarantees consistent results for (H,Bnd) and
(H,Bdg).
2) Another technique extends the BH curves according to
the slope determined by the two last measurement points.
This approach may be inappropriate when the small vari-
ations of the magnetic flux density are not sufficiently
resolved by the measurements. Moreover, it should be
verified that the final slope for (H1, B1) is larger or equal
to that of (H2, B2).
E. Results
The identification procedure described above is exem-
plarily applied to the measurement results for two sam-
ples of material M400-50A at 250 Hz. In Section VI-D,
results for 50 and 500 Hz and material M800-65A are also
presented.
The permeability of sample 1 is substantially better than
that of sample 2 (as w1 > w2, the relative degraded volume
in sample 2 is larger than in sample 1), especially in the tran-
sition region between linear regime and full saturation. When
BH curves are represented by the Bertotti function, the stan-
dard identification procedure leads to the results shown in
Fig. 4, in which differences between measurements and rep-
resentation are observed. Piecewise cubic splines have shown
to represent the measured curves very accurately. However,
the standard identification procedures lead to BH curves for
the nondegraded and degraded materials that are unphysical
in the Rayleigh region (negative permeability of the degraded
material) and in the region of full saturation (degraded more
permeable than nondegraded material). As a remedy for these
effects, the measurement data are corrected by repairing the
Rayleigh region and by extrapolating the curves enforcing μ0
as differential permeability (see Sections IV-C and IV-D). This
improved procedure leads to the results shown in Figs. 5 and 6.
The measured and calculated values of Fig. 5 agree well; they
can hardly be distinguished in this figure. As expected, the
BH curves are stacked such that for all values of the magnetic
field strength H , Bnd(H) > B1(H) > B2(H) > Bdg(H), in
all regions of the BH characteristic. The curves (H,Bnd) and
(H,Bdg) can directly be used as a part of an FE calculation
of, e.g., a machine consisting of material with a fully degraded
zone at the cut edge and a nondegraded zone in the middle of
the sample.
V. IDENTIFICATION OF LOSS CURVES FOR NONDEGRADED
AND FULLY DEGRADED MATERIAL
A. Loss Model
A simple loss model is expressed by
ploss = c1B + c2B
2 (4)
where ploss is the loss density and c1 and c2 are the two param-
eters to be identified by regression. Thereby, as a constraint to
the regression procedure, c1 is forced to be strictly positive in
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Fig. 4. Measured and identified BH curves exemplary for M400-50A at
250 Hz; represented by the Bertotti function.
Fig. 5. Measured and identified BH curves exemplary for M400-50A at
250 Hz; represented by piecewise cubic splines, calculated with the improved
procedure.
Fig. 6. Identified BH curves for the degraded and nondegraded material zone
exemplary for M400-50A at 250 Hz; represented by piecewise cubic splines,
calculated with the improved procedure.
order to avoid an unphysical behavior of the computed nonde-
graded loss curves at small magnetic flux density. Although this
modeling approach is very simple, it seems to approximate the
loss density very accurately.
B. Basic Identification Procedure
The identification of the loss curves for the nondegraded and
degraded material requires several steps and depends on the
previously obtained BH curves Bnd(H) and Bdg(H) (Fig. 7).
Fig. 7. Identification of the nondegraded and degraded loss curves from the
loss curves of small and wide samples.
The steps are as follows.
Step 1) Choose a set of sampling points for the magnetic
field strength Hsample.
Step 2) Evaluate the (H,B∗nd) and (H,B∗dg) curves.
Step 3) Calculate the corresponding averaged magnetic flux
densities B∗1 and B∗2 in both samples, using (1).
Step 4) Evaluate the measured loss curves for B∗1 and B∗2 ,
leading to p1 and p2.
Step 5) Evaluate the loss model for a set of model parame-
ters and for the points B∗nd and B∗dg.
Step 6) Calculate the corresponding averaged loss densities
p∗1 and p∗2 in both samples using[
1− γ1 γ1
1− γ2 γ2
] [
pnd
pdg
]
=
[
p∗1
p∗2
]
. (5)
Step 7) Compare p∗1 and p∗2 with p1 and p2.
Steps 1)–4) are carried out in advance. Steps 5) and 6)
are implemented in a procedure that is given as input to an
optimization routine minimizing the error in Step 7).
C. Results
The identification procedure for the losses is applied to the
measurement results for both samples (Fig. 8). The modeled
curves approximate the measured ones sufficiently well. Then,
the losses of the degraded and nondegraded material zones are
calculated according to the identification procedure presented
in Fig. 7. As expected, the loss densities for a given magnetic
flux density B are ordered as pnd < p1 < p2 < pdg (Fig. 9).
VI. APPLICATION TO STATOR LAMINATION STACKS
A. Stator Measurement Setup
The electrical steel sheets of the stator lamination stacks are
derived from the same MCs as the Epstein samples. Thus, pos-
sible additional deviations due to different production batches
can be excluded.1 They were not annealed so as to maintain the
degrading effect of the mechanical cutting. They were punched
and stacked in a state-of-the-art stamping packeting process.
1Note that these samples have been punched, and not guillotine cut, as the
Epstein samples. The subtle difference between the influences of these two
cutting techniques on the magnetic properties of the material is considered of
secondary importance here.
BALI et al.: DETERMINATION OF ORIGINAL NONDEGRADED AND FULLY DEGRADED MAGNETIC PROPERTIES OF MATERIAL 2301
Fig. 8. Measured and identified loss curves exemplary for M400-50A at
250 Hz, represented by (4).
Fig. 9. Identified loss curves for the degraded and nondegraded material parts
exemplary for M400-50A at 250 Hz, represented by (4).
For a direct comparison, the same technique as for the
Epstein measurements (see Section II) is applied. Primary and
secondary coils are wound around the stator yoke. Thus, the
magnetic flux is only considered in the yoke, and an alternat-
ing field, similar to the Epstein samples, is assumed. As in the
case of the Epstein frame measurements (see Section II), the
form factor of the secondary voltage is controlled to be at maxi-
mum 1.111%± 1%. Furthermore, the measurement data of one
series are taken sequentially, one after another, and the samples
are also demagnetized before the readings are taken, and again
each frequency is analyzed separately.
B. Simulation
The geometry of the stator lamination stack is implemented
in an electromagnetic FE modeling program, Finite Element
Method Magnetics (FEMM) [12], which is coupled with
MATLAB [13]. The identified magnetization and loss curves
for the fully degraded and nondegraded zones of the Epstein
samples are applied to the stator geometry. The same degra-
dation depth d at the cut edges as for the Epstein samples is
assumed.
C. Consideration of Stacking
The stator lamination stacks consist of several electrical
steel sheets that are, after the cutting process, pressed and
glued. Therefore, the increase in specific losses induced by
the pressing and gluing process of the laminations is added
in the computation. This increase in losses can be attributed
to additionally induced stresses inside the material, but prob-
ably also due to increasing eddy currents through short-cut
circuits induced by burrs at the cut edge [14]. Different results
concerning the increase in losses of electrical steel sheets
according to the pressing and gluing process have been pre-
sented. Most authors deal with the influence of compression
along the steel sheets on rectangular samples [15]–[17] or in
the radial direction, e.g., shrink fitting (stator or ring samples)
[18]–[20]. However, a very few studies address the influence
on the losses of electrical steel sheets compressed into the
thickness direction, or compressed and glued into the thick-
ness direction. The few studies that exist show a wide range
of results varying from very small to over 20% difference in
iron losses (e.g., [7], [21]–[23], varying of course with exact
pressing force). This variation may be explained, e.g., by the
different materials investigated. According to [7], the change
in iron losses due to the compressive stress also depends on
the material itself, e.g., the Si-content or grain size. According
to [24], also the coating thickness of the steel has an influ-
ence on the extent of this increase. Most of the authors report
from an increase due to the pressing into the thickness direc-
tion. However, reference [22] showed also a decreasing loss
behavior for samples pressed into the thickness direction above
a pressing force of 4 MPa. On the other hand, below these
4 MPa, [22] reports an increase in iron losses of up to 10%.
The stator lamination stacks in this study were pressed with a
pressure of around 0.3–0.4 MPa. After the pressure is removed,
internal stresses may remain in the material, due to the glu-
ing of the laminations [7]. These are estimated with the help
of the results of [21]. Using the results presented in [21], a
mean value, for the material JIS50A290 (material definition
according to the Japanese standard [25], corresponding to mate-
rial M290-50A), was calculated using the average percentage
increase in the loss density from 0 to 0.5 MPa at 1 T for
the rolling and transverse cutting directions, and added to the
computation.
D. Results
Fig. 10 shows the computed losses for the investigated stator
lamination stack geometry with and without the influence of the
pressing and gluing manufacturing step, as well as the measured
losses of these stator stacks at 250 Hz. For these computations,
the identified magnetization and loss curves of nondegraded
and fully degraded material zones, shown in Figs. 6 and 9, are
used. Fig. 11 shows the corresponding simulated distribution of
the magnetic flux density in the stator yoke. The computed and
the measured loss curves of the stator lamination stacks concur
with one another.
This identification procedure is also applied at other frequen-
cies, 50 and 500 Hz, and for another material, M800-65A. The
results are presented in Figs. 12–15. Here again, the computed
losses are in good agreement with the measured ones, for all
investigated frequencies and materials.
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Fig. 10. Measured and computed loss curves of the investigated stator lamina-
tion stack at 250 Hz, material M400-50A.
Fig. 11. Simulated distribution of the magnetic flux density in stator yoke
affected by mechanical cutting. The thick solid lines indicate the deterioration
depth d.
Fig. 12. Measured and computed loss curves of the investigated stator lamina-
tion stack at 50 Hz, material M400-50A.
VII. COMPARISON WITH RESULTS COMPUTED FROM
DATASHEET VALUES
A. Motivation
The values provided by the manufacturer often differ from
those obtained by own measurements. These differences are
attributed to the following reasons.
1) The samples measured by the customer and those mea-
sured by the manufacturer result from different MCs
and/or batches. As the authors of [4] already stated, this
may have an influence of up to 7.15% on the final stator
as in the case of M700-65A. We further assume that these
deviations also vary with the respective material.
Fig. 13. Measured and computed loss curves of the investigated stator lamina-
tion stack at 500 Hz, material M400-50A.
Fig. 14. Measured and computed loss curves of the investigated stator lamina-
tion stack at 250 Hz, material M800-65A.
Fig. 15. Measured and computed loss curves of the investigated stator lamina-
tion stack at 500 Hz, material M800-65A.
2) In general, the manufacturer data provided have been
obtained from Epstein frame or single sheet tester
(SST) measurements. Only some manufacturers do pro-
vide the information as to which measurement technique
has been used. Considering, e.g., standard IEC 60404-3
[28], the size of a sample used in the SST is a multiple
larger (10–16.67 times wider in width) compared to the
standard Epstein sample. Thus, the degrading influence
of cutting and the degraded material zone of the cut edge
on the samples’ overall magnetic behavior are smaller in
contrast to the standard Epstein sample.
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Fig. 16. Loss curves as measured, as computed using the proposed approach
and as determined from datasheet values of the investigated stator lamination
stack at 250 Hz, material M400-50A.
3) A further uncertainty is the cutting technique used for
the samples measured by the manufacturer (which may,
notably for small batches, be laser cutting). As shown
in [29] and [30], also the used cutting settings have an
influence on the degrading influence of the material.
The following results presented illustrate this difference
in the specific case of the investigated stator geometry and
materials.
B. Simulation
The power loss densities for the same stator geometries are
now computed with the loss data provided by the manufacturer
in the materials’ datasheets which result from SST measure-
ments [26], [27]. This time, no degraded zone at the cut edge
is considered, but homogeneous magnetic properties for the
whole material are assumed. These simulations are performed
for all investigated materials and frequencies. The material
characteristics for 250 Hz are interpolated from those provided
for 200 and 500 Hz. The influence of the pressing and gluing is
considered, as described in Section VI.
C. Results
Figs. 16–21 present the loss curves of the investigated sta-
tor lamination stacks as measured (Section VI-A), computed
using the proposed approach (Section VI-B) and computed
from datasheet values (Section VII-B).
Especially for material M400-50A, significant differences
between the losses determined by the presented identification
and modeling procedure and those computed from the datasheet
values are found. This concerns a large range of the magnetic
induction B and applies to all three investigated frequencies
(see Figs. 16–18).
The situation is less uniform for material M800-65A (see
Figs. 19–21). At 50 Hz, no significant differences between
the measured and the computed losses occur, for both mod-
eling approaches. At 250 and 500 Hz, both computed results
(material characteristics obtained by the identification proce-
dure versus manufacturer data) are aligned with the measured
results until about 1.2 T. With higher magnetic inductions B,
Fig. 17. Loss curves as measured, as computed using the proposed approach
and as determined from datasheet values of the investigated stator lamination
stack at 50 Hz, material M400-50A.
Fig. 18. Loss curves as measured, as computed using the proposed approach
and as determined from datasheet values of the investigated stator lamination
stack at 500 Hz, material M400-50A.
Fig. 19. Loss curves as measured, as computed using the proposed approach,
and as determined from datasheet values of the investigated stator lamination
stack at 50 Hz, material M800-65A.
the losses computed from the datasheet values increasingly
differ from the measured ones.
In general, the deviations between the computed results
based on the manufacturer data and those resulting from the
identification procedure are mainly explained by the fact that
the manufacturer data result from sample geometries other than
those of the final machine (e.g., stator geometry). Thus, the rela-
tive influence of the degradation on the magnetic properties due
to cutting differs. For example, it can be assumed that the largest
allowed sample size according to [28] has almost no effect on
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Fig. 20. Loss curves as measured, as computed using the proposed approach,
and as determined from datasheet values of the investigated stator lamination
stack at 250 Hz, material M800-65A.
Fig. 21. Loss curves as measured, as computed using the proposed approach
and as determined from datasheet values of the investigated stator lamination
stack at 500 Hz, material M800-65A.
the overall magnetic properties. Furthermore, the reasons moti-
vating the comparison presented in this section, outlined above
(see Section VII-A), may contribute to these differences.
Altogether, the proposed identification and modeling
approach provides significantly more accurate results. Note
that the difference between the results is not constant with the
magnetic flux density B and additionally may also differ for
different materials (see the results of material M400-50A and
M800-65A). Furthermore, this difference will change for differ-
ent geometries, as the ratio of material affected by the cutting
and nondegraded material changes, illustrating the limitations
of the common use of correction factors.
VIII. CONCLUSION
A new method is presented to estimate the iron losses in
geometries different than normal Epstein strips. This identifica-
tion procedure is based on measurement data obtained by the
wide spread, standardized and fast-to-perform Epstein frame
method [1]. The proposed approach eliminates the need of
knowing the exact deterioration depth d, for which there is still
no agreement in the literature (see Section III), and which also
depends on the material itself, the cutting technique as well
as the settings used with the cutting technique. The identified
magnetization and loss curves of the degraded and the non-
degraded material zones with the identification procedure are
subsequently implemented in FE simulations of stator lamina-
tion stacks with the same degradation depth d as set for the
Epstein samples. The lab reference loss measurements on these
stator stacks and the computed losses are in good agreement. It
should be noted that we do not claim that the identified mag-
netization properties of the degraded and nondegraded material
zones are an exact image of the reality (to comply with this,
the exact value of d would be necessary), but that the pro-
posed method allows determining the loss behavior of arbitrary
geometries well, where both zones are considered.
In Section VII, the power loss densities of the stator lamina-
tion stacks are also computed from datasheet material values
provided by the manufacturer. In many analyzed cases, the
proposed identification and modeling approach provides signif-
icantly more accurate results and illustrates the limitations of
the common use of correction factors.
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